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($4) Method for making a preform for optical fibers by drawing a sintered preform boule 



(57) A method for drawing a sintered boule preform 
into a preform for optical fibers comprises providing a 
sintered boule preform, subjecting the said boule to 
measurement of a distribution of refractive index along 
radial directions thereof to determine a ratio of a core 
diameter to a clad diameter, and comparing the thus de- 
termined ratio with a predetermined ratio between the 
core diameter and the boule diameter which ensures in- 
tended optical transmission characteristics of the drawn 
fiber, under which if the determined ratio is insufficient 
for the intended light transmission characteristics, the 
sintered boule preform is further processed (such as by 
etching) until the predetermined ratio is substantially at- 
tained, and the resultant boule is drawn to a preform, or 
if the determined ratio is acceptable on comparison with 
the predetermined ratio, the sintered boule preform is 
directly drawn without any intermediate processing. 
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1 EPO* 

Description 

This invention relates to a method tor drawing a 
mother ingot into' a preform for optical fibers wherein 
when the mother ingot is drawn into preforms for optical 
fibers, a finishing step can be omitted or simplified. 

For the fabrication of preforms for optical fibers from 
synthetic silica, a soot prepared, for example, by VAD 
is dehydrated and sintered to provide a mother ingot for 
'preform. Tfiis ingot, usually having a diameter of 110 
1 mm to 200 mm, is drawn to a diameter, which Is larger 
by 3 to 5 mm than the diameter of the preform (e.g. 30 
to 80 mm in diameter). In this drawing step, a glass- 
working lathe making use of an electric furnace or a 
flame burner has been usually employed. If the" ingot has 
an outer diameter as small as 100 mm or below, it is 
possible to use a glass-working lathe for preliminary or 
primary drawing. For ingots having larger diameters, a 
flame burner is short of the quantity of heat, and thus, 
an electric furnace is ordinarily used. An electric fur- 
nace, which is employed for the drawing of an ingot, has 
such a structure that an ingot is fed from an upper por- 
tion of the electric furnace heated at about 2000 o C, and 
a diameter-reduced preform is continuously taken off by 
means of rollers or drawing chucks from the lower por- 
tion of the furnace. This is particularly shown in Fig. 5, 
which illustrates the manner of the take-off of the pre- 
form by use of drawing chucks. In addition, outer diam- 
eter measuring instruments are provided to measure 
outer diameters at a ne'Cjk portion of the ingot arid also 
, at a preform, respectively. 

Fig. 6 is a flowchart showing a conventional process 
of drawing a preform. In the figure, a mother ingot is fur- 
nace-drawn such as in an electric furnace, and thus, is 
reduced in diameter to provide a primary-processed 
product, i.e. a preform. The outer diameter intended up- 
on the drawing is set at a value greater by 5 to 10% than 
a final intended value. The preform is subjected to 
measurement of a refractive index profile or distribution 
in radial directions. Based on the results of the meas- 
urement, optical transmission characteristics after 
drawing to a final optical fiber are estimated. The char- 
acteristics are decided depending on the refractive in- 
dex profile or distribution of the preform, and especially, 
a ratio in diameter between the core portion and the clad 
portion (hereinafter referred to simply as "core-to-clad 
ratio') is an important parameter. In order to change the 
core-to-clad ratio, it is usual to etch the outer surface of 
the clad portion with hydrofluoric acid. By the etching, 
the core-to-clad ratio increases to an extent which is in 
coincidence with intended characteristics. More partic- 
ularly, the characteristic properties of the ingot, which 
may vary from predetermined ones by many influences 
involved during the fabrication of a mother ingot, can be 
corrected according to subsequent processing steps. 
From the results of assumption of the characteristics, 
preforms whose characteristics should be corrected are 
etched for the correction. Those preforms, which need 
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no correction, are fed to a next finishing step. 

The finishing step is normally performed by means 
of >a c|lass-working lathe. The primary drawing of the in- 
got in an electric furnace is carried out within a relatively 

5 short time of 1 to 2 hours. In this connection, however, 
the final drawing with a glass-working lathe takes about 
1.5 hours per unit preform when a perform having a 
length of 1000 mm and a diameter of 43 mm is adjusted, 
'for example, to a diameter of 40 mm. Thus, it takes an 

to appreciably long time for processing preforms one by 
one, and it is desirable to reduce the degree or amount 
of , the final drawing to an extent as small as possible. 

In the above-stated conventional method, the index 
distribution is measured in the form of primary-proc- 

?5 essed preforms to assume optical transmission charac- 
teristics, and each preform is etched based on the re- 
sults of the measurement as described hereinabove. 
This, in turn, requires that all preforms including ones, 
which do not need any adjustment of the characteristics 

20 after drawing, have to be drawn at a diameter, which is 
larger by 5 to 10% than an intended diameter. This 
means that preforms, which are not required of etching, 
have to be unavoidably subjected to final drawing. 
It is accordingly an aim of the invention to provided 

25 a method for drawing a mother ingot preforms for optical 
fibers, which overcomes or aleviates at least some of 
the drawbacks of the prior art method and wherein a fin- 
ishing process which undesirably takes a considerable 
time, can be omitted or simplified. 

30 According to the invention, there is provided a meth- 
od, for drawing a mother ingot into a preform for optical 
fibers, which comprises providing a mother ingot, sub- 
jecting the mother ingot to measu rement of a distribution 
of refractive index along radial directions thereof to de- 

35 termine a ratio between the core diameter and the clad 
diameter, and comparing the thus determined ratio with 
a predetermined ratio between the core diameter and 
the ingot diameter which ensures intended optical trans- 
mission characteristics, under which if the determined 

40 ratio is insufficient for the intended optical transmission 
characteristics, the mother ingot is further processed 
until the predetermined ratio is substantially attained, 
and the resultant ingot is drawn to a preform, or if the 
determined ratio is acceptable on comparison with the 

45 predetermined ratio, the mother ingot is finally drawn. 

In the manufacture of the perform for optical fibers 
by drawing a mother ingot according to the invention, 
the measurement of the profile of refractive index is 
made in the form of an ingot, and an intended outer di- 

50 ameter of a final preform is preset based on the results 
of the measurement. Thereafter, the mother ingot is 
drawn into a preform whose outer diameter substantially 
corresponds to the predetermined core-to-clad ratio 
This enables one to omit or simplify a finishing process 

55 which requires a long time. 

Exemplary embodiments of the invention will be de- 
scribed below with reference to the drawings, in which: 
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Fig. 1 is a flowchart showing a procedure of drawing 
a mother ingot according to one embodiment of the 
invention; 

Fig. 2 is a flow chart showing a procedure of drawing 
a mother ingot into a preform according to another 
embodiment of the invention; 
Fig. 3 is a schematic view showing, a device of 
measuring a profile or distribution of refractive index 
of a mother ingot; 

Fig. 4 is a view showing an index profile of a single- 
\ mode optical fiber, preform alo'ng radial directions of 
.thepreform; 

Fig. 5 is a schematic view illustrating a conventional 
drawing apparatus of a mother ingot; and 
Fig. 6 is a flowchart showing a conventional proce- 
dure of fabricating a preform by drawing. 



The drawing method of the invention is applicable 
to the manufacture of a preform which is particularly 
useful for making a single-mode optical fiber. 

Reference is now made to the accompanying draw- 
ings and particularly, to Figs. 1 and 2. 

In the flowchart of Fig. t , a mother ingot is provided 
The mother ingot is made according to the VAD and/or 
OVD method using starting gases such as silicon tetra- 
chloride and germanium tetrachloride. For instance, a 
target rod is suspended in a chamber having, at least, 
a burner for core, and is vertically drawn up white rotat- 
ing, for example, at 30 r.p.m. In- this condition, SiCI 4 
alpng with an Ar carrier gas and GeCI 4 along with an Ar 
carrier gas are fed to the core burner together with hy- 

i 

drogen and oxygen gases, thereby forming a soot core. 
The core is dehydrated and consolidated, for example, 
at 1500° C to form a transparent core. The transparent 
core is then subjected, for example, to an OVD method 
wherein the target core is deposited with a soot clad by 
feeding SiCI 4 along with an Ar carrier gas and hydrogen 
and oxygen gases to a burner, followed by dehydration 
and consolidation in an electric furnace to obtain a trans- 
parent ingot. As a matter of course, the mother ingot 
may be made according to any of known techniques. In 
the practice of the invention, a soot for clad is deposited 
in an amount greater by 1 to 5% than an intended 
amount to bring a core-to-clad ratio closed to an intend- 
ed value or to avoid discarding of the resultant ingot as 
unacceptable as will be discussed later. 

In accordance with one embodiment of the inven- 
tion, the ingot is initially subjected to the measurement 
of distribution of a refractive index along radial directions 
thereof. Based on the results of the measurement, i.e. 
the core-to-clad ratio, several optical transmission char- 
acteristics after fiber drawing can be estimated as will 
be described later. The mother ingot is etched or not 
etched depending on whether or not the core-to-clad ra- 
tio agrees to a predetermined core-to-clad ratio. If etch- 
ing is judged as unnecessary, this ingot is directly drawn 
to a final preform having a final intended diameter More 
particularly, if the measured core-to-clad ratio is within 



±1% based on the predetermined ration, the ingot is 
judged as acceptable. This ingot is directly passed to 
final drawing to obtain a final preform without performing 
any other steps. 

s On the contrary, if the measured core-to-clad ratio 
is within a range of smaller than -1 % based on the pre- 
determined ratio, etching is judged as necessary. This 
ingot is etched to an outer diameter, which meets the 
requirement lor the predetermined core-to-clad ratio. 

to The thus etched ingot is drawn to obtain a primary- 
drawn preform. The preform obtained in this way is sub- 
jected to a finishing step wherein trie preform is, for ex- 
ample, flame polished by a usual manner to obtain a 
final preform. 

is Moreover, if the measured ratio is grater than 1% 
based on the predetermined ratio, such an ingot is not 
further processed but discarded. The predetermined 
core-to-clad ratio is preferably set at 1:15.5 to 1:12. 
Fig. 2 shows another embodiment of the invention. 

20 in the figure, a mother ingot is subjected to measure- 
ment of an index distribution along radial directions, like 
Fig. 1. The optical transmission characteristics of the 
- drawn optical fiber are estimated from the results of the 
measurement of the refractive index profile, from which 

25 the core-to-clad ratio is calculated. Since the core-to- 
clad ratio is in close relation with the optical transmission 
characteristics as will be described later, it is sufficient 
to judge an intended optical transmission characteristic 
or characteristics from the judgment of the ratio. More 

30 particularly, whether or not the ingot should be further 
processed depends on whether or nor the measured 
core-to-clad ratio coincides with a predetermined core- 
to-clad ratio within the above-defined range of ±1% 
based on the predetermined ratio. If it is judged that 

35 etching is unnecessary, the ingot is drawn to an outer 
diameter which is in coincidence with a final intended 
diameter determined from the predetermined core-to- 
clad ratio, thereby obtaining a final preform. This is same 
as in the case of Fig. 1 . On the contrary, when etching 

40 is judged as necessary, the ingot is first subjected to pri- 
mary drawing, unlike Fig. 1. For the drawing, the outer 
diameter of the resultant primary-drawn preform is so 
set as to be greater by 5 to 1 5% than the intended outer 
diameter of a final preform. More particularly, the ingot 

45 is primarily drawn into a preform having an outer diam- 
eter, which corresponds to a final intended diameter + 
a depth of an outer surface portion to be etched, thereby 
obtaining a primary-drawn preform. This preform is 
etched to have the final intended diameter, followed by 

50 finishing such as by flame polishing to obtain a final per- 
form by a usual manner. This is particularly described 
in examples appearing hereinafter. 

Fig. 3 schematically shows a device of measuring 
the index distribution of a mother ingot. In Fig. 3, a meas- 

55 uring device D includes a suspending mechanism 2 for 
suspending an ingot 1 , a cell unit 3 capable of transmit- 
ting a beam when a laser beam is irradiated against the 
ingot 1 , and an optical unit 4 capable of irradiating the 
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ingot with a laser beam to measure an angle of refraction 
of a transmitted beam. The distribution of refractive in- 
dex is obtained by a procedure wherein the ingot is set 
in the cell unit 3 filled with a matching oil, and is irradi- 
ated with a laser beam to measure an angle of refraction 
of a transmitted beam. The laser beam used for this pur- 
pose is one having an emission wavelength, for exam- 
ple, at 632.8 nm. 

Fig. 4 schematically shows a profile of refractive in- 
dex along radial directions ol a single-mode optical fiber 
preform,. From this proTile, a ratio between core diameter 
(a) and clad diameter (d), i.e. a core-to-clad diameter 
ratio of a to d, is calculated. It will be noted that the term 
" lcore-to-clad ratio" used herein means a ratio of a to b 
4hown in Fig. 4 throughout the. specification. 

Based on the core-to-clad ratio, optical transmis- 
sion characteristics of an optical fiber obtained after fitt- 
er drawing, e.g. a mode field diameter (hereinafter ab- 
breviated as MFD), a cut-off wavelength (hereinafter ab- 
breviated as Ac), a zero dispersion wavelength (X 0 ), a 
difference in refractive' index between the core and the 
clad portions (An), and the shape of the core (e.g. ec- 
centricity or non-circularity) can be readily estimated. Of 
these, the value or values of MFD and Ac are estimated 
in most cases. In order to adjust the value of Ac, which 
requires a more severe control than MFD, the core-to- 
clad ratio corresponding to Ac is used in practice. Any- 
way, the core-to-clad ratio depends proportionally on the 
values of these characteristics. 

\ These characteristics are very liable to deviate from 
intended ones by various influences caused during the 
manufacture of mother ingots and should be corrected 
according to the procedures depicted in Figs. 1 and 2. 

The core-to-clad ratio of an ingot is determined from 
the measured index distribution, from which optical 
transmission characteristic or characteristics are esti- 
. mated with respect to an optical fiber obtained after fiber 
drawing of the measured ingot. The comparison be- 
tween the estimated characteristics and the intended 
characteristics enables one to determine whether or not 
the ingot is etched. As mentioned above, the mainly em- 
ployed characteristic may be MFD and/or Ax:. When the 
ingot or preform is etched, the core-to-clad ratio increas- 
es, thereby permitting both MFD and Ac to increase. 

The etching treatment may be those ordinarily used 
for this purpose. For instance, an ingot or preform is im- 
mersed in a vessel of circulating, for example, a hy- 
drofluoric acid aqueous solution having a concentration, 
for example,, of 50%. Depending on the difference be- 
tween the estimated characteristics and the intended 
characteristics, the etching time is appropriately control- 
led. It will be noted that when using such an aqueous 
solution as mentioned above, an etching depth per unit 
hour is about 0.2 mm. 

As having described hereinbefore, the etching 
treatment may be effected in the state of a mother ingot 
as shown in Fig. 1 or in the state of a preform after pri- 
mary drawing as shown in Fig. 2. 



The mother ingot usually has an outer diameter of 
110 to 200 mm and a weight of 30 to 100 kg, so that a 
large-sized etching vessef undesirably becomes neces- 
sary. On comparison with the case using a primary- 

5 drawn preform as in Fig. 2, a greater etching depth is 
necessary, thus presenting the problem that it takes a 
longer etching time. In the present invention, it is pre- 
ferred to deal with a mother ingot, which has a maximum 
value of an outer diameter at an effective portion of 100 

io mm or over. 

On the other hand, where the preform obtained after 
primary drawing is etched as in the case of Fig. 2, its 
■ outer diameter ranges from 30 to 80 mm and a weight 
is as small as 3 to 10 kg, with ease in etching. The etch- 

15 ing time can be shortened. However, preforms after the 
primary drawing become greater in number. This costs 
much time and labor on calculation as unit ingot. Thus, 
the etching treatments in the form of an ingot or performs 
after primary drawing, respectively, have merits and de- 

20 merits. It will be noted that etching in the form of pre- 
forms takes a long time of 5 to 30 hours, but labor is 
necessary only for setting and removing the preforms, 
' so that an actual working time of workers is not so long- 
er. 

25 in Fig. 2, an ingot, which has to be etched, is prima- 
rily drawn to provide a thicker preform including a cir- 
cumferential portion corresponding to an (etching depth. 
The preform is etched so that its characteristics are at 
desired levels, followed by finishing with a glass-working 

* 

30 lathe. At this stage, the outer diameter of the primary- 
drawn preform is one including the etching depth added 
to a final intended diameter. The diameter of the preform 
after the etching becomes substantially equal to the final 
one. Accordingly, the finishing with a glass-working 

35 lathe is substantially unnecessary. If unnecessary, the 
preform surface roughened with the etching is polished 
with a flame burner. That is, flame polishing, which does 
not take a long time, is sufficient for this purpose. 
The surfaces of a preform, which is not etched, are 

40 substantially flat, and flame polishing is usually unnec- 
essary. The preform, which has been etched, has rela- 
tively great irregularities on the surfaces thereof, and 
should be flame polished by use of a glass-working lathe 
to flatten the surfaces in order to use it for fiber drawing. 

45 The time necessary for the flame polishing is about 40 
minutes when using a preform having, for example, an 
outer diameter of 60 mm and a length of 1000 mm. 

In case where a preform whose estimated charac- 
teristics are coincident with intended ones is not sub- 

50 jected to etching, a mother ingot is immediately finally 
drawn in an electric furnace, so that its final drawing with 
a glass-working lathe can be omitted. It will be noted 
that depending on the surface state after drawing, the 
drawn preform may be further processed or flame pol- 

55 ished, if necessary. 

The flame polishing, which is a finishing step using 
a glass-working lathe, can be completed within about 2 
to 30 minutes irrespective of the diameter of a preform. 
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The drawing time varies greatly depending on the dif- 
ference in diameter between the preforms prior to and 
after drawing, and generally ranges from 60 to 120 min- 
utes, which is longer than that required for the flahne pol- 
ishing. The processing with a glass-working lathe is 
partly automated, but labor is required in many cases. 
The shortage in time or omission of this step is very ef- 
fective in simplification of a preform manufacturing proc- 
ess. 

The inyention is more particularly described by way 
1 of examples. Comparative examples are also shown. 

Example 1 

* 

Silicon tetrachloride and germanium tetrachloride 
used as starting gases for glass were subjected to a 
VAD method and an OVD method to form a soot as is 
well known in the art. The soot was dehydrated and con- 
solidated to obtain a mother ingot for singje-mode opti- 
cal fiber having an outer diameter of 1 50 mrr| and a body 
length of 1200 mm. This ingot was subjected to meas- 
urement of a distribution of refractive index along radial 
directions thereof by use of a device 6f measuring the 
index distribution of the type shown in fig. 3. The optical 
transmission characteristics MFD, Ac, X^, An and the like 
after drawing were estimated from the index distribution, 
revealing that a core-to-clald ratio in diameter was small- 
er by 2.5% than an intended ratio of 1 : 14. Accordingly, 
the ingot was .etched. More particularly, the ingot was 
etched in a 50% hydrofluoric acid etchant while circulat- 
, ing the etchant for 1 0 hours. As a result, the surface lay- 
er of the ingot was removed in a thickness of 1.9 mm. 
Thereafter, the ingot was washed with water, followed 
by drawing in an electric furnace to obtain a preform hav- 
ing an outer diameter of 40 mm and an overall length of 
17 m. The preform was cut into, 17 pieces each having 
a length of 1 m. The thus drawn preforms had etching 
marks left on the surfaces thereof, and each perform 
was set in a glass-working lathe, and amounts of gases 
were set at 70 liters/minute for oxygen and 120 liters/ 
minute for hydrogen. The preform was flame polished 
with an oxyhydrogen flame burner to make a flat sur- 
face. The time required for the flame polishing was 30 
minutes per unit preform, with a length of time being 8.5 
hours. 

Example.2 

A mother ingot for single-mode optical fiber, which 
was made in the same manner as in Example 1 and 
which had an outer diameter of 150 mm and a body 
length of 1200 mm, was subjected to measurement of 
a distribution of refractive index, followed by estimation 
of optical transmission characteristics, from which a pre- 
determined core-to-clad ratio was decided. More partic- 
ularly, it was found that the core-to-clad ratio was small- 
er by 2.5% than an intended ratio of 1:14. The ingot was 
preliminarily drawn in an electric furnace to obtain 17 
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preforms each having an outer diameter of 41 mm, 
which consisted of an outer diameter of 40 mm of a pre- 
form Used for fiber drawing and an etching depth of 1 
mm, and having a length of 1 m. All the preforms were, 
respectively, etched on the surface thereof in a hy- 
drofluoric acid ejchant in the same manner as in Exam- 
ple 1 to a thickness of 0.5 mm. Since the etching of 17 
preforms was performed at one time, the time required 
'for the etching was 2.5 hours. The thus etched preforms, 
respectively, had etching marks thereon, and subjected 
to flame polishing by use of a glass-working lathe to ob- 
taip performs used for fiber drawing. The time required 
for the flame polishing was 30 minutes per unit preform, 
and a length of the polishing time was 8.5 hours.* 

Example 3 

• A mother ingot for single-mode optical fiber, which 
was made in the same manner as in Example 1 and 
which had an outer diameter of 200 mm and a body 
length of 1500 mm, was subjected to measurement of 
a distribution of refractive index. As a result, it was found 
that'an estimated core-to-clad ratio in diameter was in 
coincidence with an intended ratio. Accordingly, the in- 
got was drawn in an electric furnace to a final intended 
diameter of 60 mm and cut into 17 preform pieces hav- 
ing an outer diameter of 60 mm and a length of 1 m (with 
an overall length of 16.6 m) The preforms were not fin- 
ished because they were not etched with flat surfaces. 

♦ 

Comparative Example 1 - 

A mother ingot for single-mode optical fiber, which 
was made in the same manner as in Example 1 and 
which had an outer diameter of 150 mm and a body 
length of 1 200 mm, was preliminarily drawn in an electric 
furnace to a level of 43 mm relative to a final intended 
diameter of 40 mm, and cut into 17 primary-drawn pre- 
form pieces each having a length of 1 m. The respective 
preforms were subjected to measurement of a distribu- 
tion of refractive index, revealing that it was necessary 
to adjust a core-to-clad ratio by 2.5%. Accordingly, the 
surfaces of each preform were etched by means of a 
50% hydrofluoric acid etchant to a thickness of 0.5 mm 
to provide a preform having an outer diameter of 42 mm. 
The time required for the etching of all the preforms was 
found to be 2.5 hours. Thereafter, each preform was set 
in a glass-working lathe, and amounts of gases were so 
set that oxygen was at 70 liters/minute and hydrogen 
was at 120 liters/minute. Each preform was subjected 
to final drawing from 42 mm in outer diameter to 40 mm 
by means of an oxyhydrogen flame burner. The time re- 
quired for this was found to be 1 hour per unit preform, 
with a length of time being 1 7 hours. The preform, which 
had been finish drawn by use of the glass-working lathe, 
was attached with fine silica particles and subjected to 
flame polishing on the surfaces thereof to obtain a clean 
preform. The time required for the final polishing was 
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0.5 hours per unit preform, with a length of polishing time 
being 8.5 hours. 

Comparative Example 2 

A mother ingot for single-mode optical fiber, which 
was made in the same manner as in Example 1 and 
which had an outer diameter of 150 mm and a body 
length of 1 200 mm, was primary-drawn in an electric fur- 
nace to a level of 43 mm relative to a final' intended di- 
ameter pf 40 mm, and but into 1 7 primary -drawn preform 
pieces each having a length of 1 m. The respective pre- 
forms were subjected to measurement of a distribution 
of refractive index, revealing that it was unnecessary to 
adjust a core-to-clad ratio. Accordingly, each preform 
was set in a glass-working lathe and finally drawn by 
means of an oxyhydrogen flame burner until 43 mm ip 
outer diameter was reduced to 40 mm. , 

The time required for the drawing was 1 .5 hours per 
unit preform with a length of time being 25.5 hours. The 
preform obtained after'the final drawing with the glass- 
working lathe had fine silica particles deposited on the 
surfaces thereof, so that it was flame polished on the 
surfaces thereof to obtain a clean preform. The time re- 
quired for the flame polishing was 0.5 hours per unit pre- 
form, with a length of time being 8.5 hours. 

As will be apparent from the foregoing, in the con- 
ventional case where an ingot is preliminarily drawn in 
an electric furnace and subjected to measurement of a 
distribution of refractive index in the form of a 'preform, 
and was etched or not etched depending on the results 
of the measurement, followed by final drawing with a 
glass-working lathe and flame polishing, only the finish- 
ing with the lathe needs 34 hours in total. In contrast, 
according to the invention, an ingot is subjected to 
measurement of a distribution of refractive index, drawn 
and/or etched depending on the results of the measure- 
ment, followed by flame polishing with a glass-working 
lathe on the surfaces thereof, the lathing time can be 
shortened to 8.5 hours. 

If an ingot is not etched, the finishing with a glass- 
working lathe can be omitted. 

Thus, according to the method of the invention an 
outer diameter of a perform after drawing in an electric 
furnace can be brought close to a final intended one. 
This enables one to omit final drawing with a glass-work- 
ing lathe or to reduce the degree of the final drawing, 
resulting in a remarkable reduction of the finishing time. 



Claims 

1 . A method for drawing a mother ingot into a preform 
for optical fibers, which comprises providing a moth- 
er ingot, subjecting the mother ingot to measure- 
ment of a distribution of refractive Index along radial 
directions thereof to determine a ratio of a core di- 
ameter to a clad diameter, and comparing the thus 
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determined ratio with a predetermined ratio be- 
tween the core diameter and the ingot diameter 
which ensures intended optical tramsmission char- 
acteristics, under which if the determined ratio is in- 
sufficient for the intended light transmission charac- 
teristics, said mother ingot is further processed until 
the predetermined ratio is substantially attained, 
and the resultant ingot is drawn to a preform, or if 
the determined ratio is' acceptable on comparison 
with the predetermined ratio, the mother ingot is fi- 
nally drawn. 

A method according to Claim 1 , wherein said moth- 
er ingot is drawn in an electric furnace. 

A method according to Claim 1 or 2, wherein said 
mother ingot prior to drawing has a maximum value 
of an outer diameter at an effective portion thereof 
of 100mm or over. 

A method accordingto Claim 1 , 2 or 3 wherein after 
the measurement, if said mother ingot is judged to 
require etching, said mother ingot is etched prior to 
or after primary drawing and cut into preforms; and 
said preforms are each finally finished to obtain final 
preforms for fiber drawing. 

i 

A method according to Claim 4.. wherein said moth- 
er ingot is etched and primary -drawn, and finished 
to obtain a final preform for fiber drawing. 

A method according to Claim A : wherein said moth- 
er ingot is subjected to primary drawing and cut into 
preforms having an outer diameter including a 
depth for etching, and then etched to the predeter- 
mined diameter, and finished to obtain final pre- 
forms for fiber drawing. 

A method according to any one of the preceding 
claims, wherein said predetermined ratio is in the 
range of 1 : 1 5.5 to 1 : 1 2 whereby the intended optical 
transmission characteristics are ensured. 

A method according to any one of the preceding 
Claims, wherein the determined ratio is within a 
range of ±1% based on the predetermined ratio, 
said ingot is finally drawn. 

A method of manufacturing an optical fibre or a de- 
vice including optical fibres, the method including 
drawing a preform according to the method of any 
one of the preceding claims. 
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